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SEASONAL VARIATION IN SEX RATIO OF FLEDGLING 
AMERICAN KESTRELS: A LONG TERM STUDY 

MATTEO GRIGGIO, 1 2 ’ 6 FRANCES HAMERSTROM, 25 ROBERT N. ROSENFIELD, 3 

AND GIACOMO TAVECCHIA 4 5 


ABSTRACT.—The Early Bird Hypothesis predicts that males fledged early in the breeding season have an 
advantage over their later-fledged counterparts during competition for breeding sites. We tested this hypothesis 
by examining the sex ratio of 1,025 fledglings from 265 broods of American Kestrels (Falco sparverius ) breeding 
in nest boxes in Wisconsin during the period 1968-1997. We found a seasonal shift in the sex ratio: the sex 
ratio of fledglings was biased toward males early in the breeding season, but became increasingly biased toward 
females as the season progressed. Our results provide support for the Early Bird Hypothesis and suggest that 
the steepness of this trend may decrease with increasing latitude. Received 10 December 2001, accepted 5 July 
2002 . 


The offspring sex ratio in most species of 
birds rarely differs from parity (Clutton-Brock 
1986, Koenig and Dickinson 1996). Nonethe¬ 
less, recent studies have documented many 
exceptions from parity (Gowaty 1993, Elle- 
gren et al. 1996, Svensson and Nilsson 1996, 
Komdeur 1996). In particular, several species 
of raptors showed a seasonal shift in the sex 
ratio, although the total annual number of 
male and female offspring was equal. In the 
Eurasian Kestrel (Falco tinnunculus ; Dijkstra 
et al. 1990, Daan et al. 1996) and Lesser Kes¬ 
trel (Falco naumanni; Telia et al. 1996) the 
fledgling sex ratio was skewed toward males 
early in the season while late broods had an 
excess of females. Recently the same seasonal 
trend was found in a Florida population of the 
American Kestrel (Falco sparverius : Small¬ 
wood and Smallwood 1998). but not in a Ca¬ 
nadian population of the same species (Wiebe 
and Bortolotti 1992, and see Smallwood and 
Smallwood 1998). Differential parental in¬ 
vestment (Trivers and Willard 1973), local 
competition for resources between parent and 
offspring (Gowaty 1993, Komdeur 1996), spe¬ 
cies life history traits (Daan et al. 1996), and 
intrasexual competition for the nest site 
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(Smallwood and Smallwood 1998) are among 
the most common hypotheses to explain the 
adaptiveness of biased sex ratios. In raptors, 
breeding parameters such as brood size, 
breeding success, and laying date may change 
according to food availability, population den¬ 
sity, or weather conditions, showing great in¬ 
terannual and seasonal variation (Newton 
1979, Kostrzewa and Kostrzewa 1990). 

Although within season variation in sex ra¬ 
tio has been documented, interannual varia¬ 
tion rarely has been considered in previous 
studies because long term data usually are 
lacking (Olsen and Cockburn 1991, Gowaty 
1993, Weatherhead and Montgomerie 1995, 
Leroux and Bretagnolle 1996). We studied sex 
ratio variation of fledglings (tertiary sex ratio, 
sensu Smallwood and Smallwood 1998) in a 
population of American Kestrels from 1968 to 
1997 in order to investigate interannual and 
intraseasonal variation in fledgling sex ratio. 
Furthermore, we compared the results from 
the Canadian and Florida populations to those 
from our Wisconsin population, which occurs 
at an intermediate latitude. 

METHODS 

We conducted the study in central Wisconsin (44° 
13' N, 89° 30' W) in a 20,243-ha area. This area con¬ 
sists almost entirely of prairie and marshes with cul¬ 
tivated fields and woodlots. Each year from 1968 to 
1997 we visited a mean of 50 (range 45-54) nest boxes 
provided specifically for kestrels about five times dur¬ 
ing the breeding season (range: 3-7; see Hamerstrom 
et al. 1973 for details). Young were sexed about one 
week before fledging on the basis of plumage (alar 
tract feathers; Smallwood and Smallwood 1998). We 
analyzed data on offspring sex ratio using only those 
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TABLE 1. Models of the proportion of female fledglings in American Kestrel (Fcilco sparverius) broods as 
a function of year and of the laying date. Analyses are based on 265 broods (1,025 fledglings) in central 
Wisconsin, 1968-1997. The names ‘laying date’ or ‘Laying Date’ are models where the eight 15-day classes 
were considered as a factor or a continuous variable, respectively, and their interaction is noted ‘x.' In model 
notation * + ’ indicates the absence of interaction and *•’ when no effects were present, np = number of estimable 
parameters in the model, and AIC = deviance + 2 X np. 


Model and notation 

np 

Deviance 

AIC 

AIC Diff 

Rel Diff 

AIC weights 

1 Laying Date 

2 

305.7 

309.7 

0.0 

188.4 

0.877556 

2 laying date 

8 

298.1 

314.1 

4.4 

270.3 

0.097236 

3 • 

1 

314.8 

316.8 

7.1 

298.1 

0.025207 

4 Laying Date + year 

29 

280.0 

338.0 

28.3 

289.4 

6.28E-07 

5 laying date + year 

35 

270.3 

340.3 

30.6 

314.8 

1.99E-07 

6 year 

28 

289.4 

345.4 

35.7 

305.7 

1.55E-08 

7 laying date X year 

96 

188.4 

380.4 

70.7 

280.0 

3.9E-16 


nests for which all offspring were sexed and the clutch 
initiation date was known (for this reason the years 
1986 and 1987 were excluded). We determined the 
clutch initiation date from the number of eggs in an 
incomplete clutch (this occurs in a large part of our 
dataset) or alternatively by backdating from the ob¬ 
served or inferred hatching date. The amount of error 
is negligible with respect to the 15-day date categories 
that we used. The proportion of female fledglings was 
modeled as a binomial variable using year and laying 
date as independent variables. Interannual variation 
was first investigated considering year as a random 
term in linear mixed models (procedure GLMM in 
GENSTAT 5.0 ver. 3.1; GENSTAT 5 Committee 
1993), but the variance component was negative. We 
thus considered year as a fixed factor in generalized 
linear models in order to test an additive relationship 
between the two effects. Model selection followed the 
Akaike Information Criterion value (AIC; Burnham 
and Anderson 1998). This is the sum of the model 



Year 


FIG. 1. Change in the proportion of female fledg¬ 
lings estimated from model 4 in Table 1. Analyses are 
based on 265 broods (1,025 fledglings) of American 
Kestrels (Falco sparverius ) in central Wisconsin, 
1968-1997. Bars indicate 95% confidence intervals. 
The horizontal line indicates the value of 0.5. Data 
from year 1986 and 1987 were excluded because lay¬ 
ing date was not known precisely (see Methods). 


deviance and twice the number of parameters in the 
model. We considered the model with the lowest AIC 
value to be the best compromise between description 
of the data (model deviance) and parameter used in the 
model. Finally, there were insufficient data to include 
brood size as a dependent variable in the model. Its 
influence on the pattern of offspring sex ratio was an¬ 
alyzed using chi-square analysis on pooled data (no 
year effect) as in Rosenfield et al. (1996). In this anal¬ 
ysis we also included the broods for which clutch ini¬ 
tiation dates were not known precisely (see above). For 
all analyses the significance level was set at P < 0.05. 

RESULTS AND DISCUSSION 

We modeled fledgling sex ratio in a total of 
265 broods (1,025 fledglings) collected over 
28 years (1968-1997) for which the first lay¬ 
ing day was known. Afterwards, we deter¬ 
mined that the extrabinomial variance was not 
significant (X 2 169 = 188.4, P = 0.15), indicat¬ 
ing that the effects of year, laying date, and 
their interaction provided a good description 
of the data in our model. We obtained a first 
important reduction in AIC value by dropping 
the interaction term (Table 1). A further re¬ 
duction occurred when we did not consider 
the year effect (model 3 in Table 1). In con¬ 
trast, the AIC value increased when the effect 
of laying date was dropped (model 4 in Table 
1; Fig. 1). Indeed, the proportion of females 
on cumulated data was not significantly dif¬ 
ferent from 0.5 (0.51, range: 0.48-0.54, from 
model 5) but seemed to increase with laying 
date. Modeling offspring sex ratio as a con¬ 
tinuous linear function of the laying date pro¬ 
vided a more parsimonious description of the 
data as indicated by the low AIC value of 
model 6 (Table 1). The regression model was 
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FIG. 2. Seasonal changes in the sex ratio in the 
American Kestrel (Falco sparverius ) breeding in cen¬ 
tral Wisconsin, 1968-1997 (1,025 fledglings). The line 
indicates the values expected when the proportion of 
female fledglings is modeled as a continuous function 
of the laying date classes. Bars indicate 95% confi¬ 
dence intervals. 


logit (/) = —0.69 + 0.15x X L; where /is 
the proportion of female fledglings and Lj is 
the 15-day class / from 31 March (Fig. 2). 
Even in this more parsimonious environment 
(i.e., few effects are considered), the model 
assuming an additional effect of the year still 
was not retained (model 7 in Table 1). Finally, 
we detected no significant effect of brood size 
on fledgling sex ratio (X 2 5 = 3.58, P = 0.61; 
Table 2). 

Sex biased mortality of nestlings may occur 
at different stages of the nesting period. The 
primary sex ratio is the sex ratio at fertiliza¬ 
tion, whereas a biased secondary sex ratio 
may occur through differential mortality of 
eggs. For example, Anderson et al. (1993) 
suggested that the observed sex-biased mor¬ 
tality of American Kestrel nestlings was due 
to the female chicks’ competitive dominance 
over their male siblings. However, the sex of 
individual unhatched eggs was unknown and 
the sex of the young that did not fledge was 
not reported. Therefore, the mechanism by 
which these broods were biased is unknown. 
Nevertheless, we may consider alternative hy¬ 
potheses for a male’s fitness advantage of 
fledging early in the breeding season. 

The Local Resource Competition Hypoth¬ 
esis (LRC) predicts that parents should pro¬ 
duce a sex ratio biased in favor of the less 
competitive sex (Gowaty 1993, 1997). There¬ 
fore, LRC predicts that parents should bias 
their broods in favor of the sex that disperses 
farthest, but it cannot explain why sex ratio 


TABLE 2. Sex ratio by brood size of American 
Kestrels (Falco sparverius ) in central Wisconsin, 
1968-1997 (1,197 fledglings). 


Brood 

size 

Number 

of 

broods 

Number 

of 

females 

Number 

of 

males 

% 

females 

1 

13 

6 

7 

46.2 

2 

30 

30 

30 

50.0 

3 

51 

82 

71 

53.6 

4 

101 

201 

203 

49.8 

5 

111 

285 

270 

51.4 

6 

2 

9 

3 

75.0 

Total 

308 

613 

584 

51.2 


changes significantly during the breeding sea¬ 
son. 

An alternative hypothesis, proposed by 
Daan et al. (1996), to explain a seasonal shift 
in offspring sex ratio was based on size and 
sex specific differences in maturation time 
(age at first breeding). This Maturation Time 
Hypothesis (MTH) was modified from a gen¬ 
eral theory first proposed by Trivers and Wil¬ 
lard (1973). For raptor species in which first 
breeding occurs early in life (e.g., the Eurasian 
Kestrel), the MTH predicts that early broods 
should be male biased because while all fe¬ 
males start breeding at one year of age, only 
males from early clutches start at one year of 
age (Dijkstra et al. 1990). In contrast, raptor 
species with delayed maturation should have 
female biased broods. Thus, although the 
MTH explains differences in the pattern of the 
seasonal variation in sex ratio of some raptor 
species (Daan et al. 1996), it does not support 
the pattern shown by the American Kestrel in 
which males usually breed at one year of age 
(Del Hoyo et al. 1994). We do not know if 
age at first breeding varies latitudinally in 
American Kestrels. If so, then our findings 
might simply provide further support for the 
MTH. 

However, the MTH does not consider the 
ecological conditions that confer sex specific 
advantages, such as availability of suitable 
nest sites (see Smallwood and Smallwood 
1998). Smallwood and Smallwood (1998) 
proposed the Early Bird Hypothesis (EBH), 
suggesting that for nonmigratory populations 
that are nest site limited, early-fledged males 
are at a competitive advantage over later- 
fledged males since breeding territories are ac¬ 
quired during post-fledging dispersal (see also 
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Balgooyen 1976); no such advantage would 
occur in migratory populations, since territory 
acquisition occurs at the end of spring migra¬ 
tion. Thus, the EBH accounts for the differ¬ 
ences between the nonmigratory population 
studied in Florida and the migratory one stud¬ 
ied in Canada, in which seasonal shift in sex 
ratio was not observed (Wiebe and Bortolotti 
1992). 

In the present study, we found evidence of 
a seasonal shift in sex ratio, despite the fact 
that our population is migratory. Because our 
study population in central Wisconsin is at an 
intermediate latitude relative to the Florida 
and Canada populations, we suggest that the 
seasonal sex ratio bias decreases from south 
to north. Three factors are consistent with this 
suggestion. First, our population is in the geo¬ 
graphical limit of the migratory and nonmi¬ 
gratory areas (Del Hoyo et al. 1994). Second, 
the proportion of males does not vary greatly 
in our population (range: 0.41-0.53) com¬ 
pared to that of the Florida population (range: 
0.36-0.58; Smallwood and Smallwood 1998). 
Third, in our study area the natural breeding 
sites (natural holes in large trees) were not 
abundant (only nine natural nests detected 
during 50 years of study; see also Hamerstrom 
et al. 1973) contrary to that observed in the 
study sites used by Wiebe and Bortolotti (Bor¬ 
tolotti and Iko 1992). Thus, there was consid¬ 
erable competition for suitable breeding sites. 

In conclusion, our long term study supports 
the predictions of the EBH. Moreover this 
study suggests a latitudinal gradient of this ef¬ 
fect may exist, as recently predicted by Pen et 
al. (1999) in a statistical model generated 
from an evolutionarily stable strategy ap¬ 
proach to the brood sex ratio question. 

ACKNOWFEDGMENTS 

We thank all who helped with the fieldwork and F. 
Zugno for assistance on a previous version of the man¬ 
uscript. We also thank J. P. Evans, A. Pilastro, and G. 
R. Bortolotti for editorial comments that improved the 
manuscript. 

LITERATURE CITED 

Anderson, D. J., C. Budde, V. Apanius, J. E. Mar¬ 
tinez Gomez, D. M. Bird, and W. W. Weathers. 
1993. Prey size influences female competitive 
dominance in nestling American Kestrels ( Falco 
sparverius). Ecology 74:367-376. 

Balgooyen, T. G. 1976. Behavior and ecology of the 


American Kestrel ( Falco sparverius L.) in the Si¬ 
erra Nevadas of California. Univ. Calif. Pub. Zool. 
103:1-83. 

Bortolotti, G. R. and W. M. Iko. 1992. Non-random 
pairing in American Kestrels: mate choice versus 
intra-sexual competition. Anim. Behav. 44:811- 
821. 

Burnham, K. P. and D. R. Anderson. 1998. Model 
selection and inference: a practical information- 
theoretical approach. Springer-Verlag, New York. 

Clutton-Brock, T. H. 1986. Sex ratio variation in 
birds. Ibis 128:317-329. 

Daan, S., C. Dijkstra, and F. J. Weissing. 1996. An 
evolutionary explanation for seasonal trends in 
avian sex ratios. Behav. Ecol. 7:426-430. 

Del Hoyo, J., A. Elliott, and J. Sargatal (Eds.). 
1994. Handbook of the birds of the world, vol. 2: 
New World vultures to guineafowl. Lynx Edi- 
cions, Barcelona, Spain. 

Dijkstra, C., S. Dann, and J. B. Buker. 1990. Adap¬ 
tive seasonal variation in the sex ratio of kestrel 
broods. Funct. Ecol. 4:143-147. 

Ellegren, H., L. Gustafsson, and B. C. Sheldon. 
1996. Sex ratio adjustment in relation to paternal 
attractiveness in a wild bird population. Proc. 
Natl. Acad. Sci. U.S.A. 93:11723-11728. 

Genstat 5 Committee. 1993. GENSTAT 5 release 3 
reference manual. Oxford Univ. Press, New York. 

Gowaty, P. A. 1993. Differential dispersal, local re¬ 
sources competition, and sex ratio variation in 
birds. Am. Nat. 141:263-280. 

Gowaty, P. A. 1997. Birds face sexual discrimination. 
Nature (Lond.) 385:486-487. 

Hamerstrom, E N., F. Hamerstrom, and J. Hart. 
1973. Nest boxes: an effective management tool 
for kestrels. J. Wildl. Manage. 37:400-403. 

Koenig, W. D. and J. L. Dickinson. 1996. Nestling 
sex-ratio variation in Western Bluebirds. Auk 113: 
902-910. 

Komdeur, J. 1996. Facultative sex ratio bias in the 
offspring of the Seychelles Warblers. Proc. R. Soc. 
Lond. Ser. B 263:661-666. 

Kostrzewa, A. and R. Kostrzewa. 1990. The rela¬ 
tionship of spring and summer weather with den¬ 
sity and breeding performance of the Buzzard Bu- 
teo buteo , Goshawk Accipiter gentilis and Kestrel 
Falco tinnunculus. Ibis 132:550-559. 

Leroux, A. and V. Bretagnolle. 1996. Sex ratio var¬ 
iations in broods of Montagu’s Harriers, Circus 
pygargus. J. Avian Biol. 27:63-69. 

Newton, I. 1979. Population ecology of raptors. T. and 
A. D. Poyser, Berkhamsted. Hertfordshire, United 
Kingdom. 

Olsen, P. D. and A. Cockburn. 1991. Female-biased 
sex allocation in Peregrine Falcons and other rap¬ 
tors. Behav. Ecol. Sociobiol. 28:417-423. 

Pen, I., F J. Weissing, and S. Daan. 1999. Seasonal 
sex ratio trend in the European Kestrel: an evo¬ 
lutionarily stable strategy analysis. Am. Nat. 153: 
384-397. 

Rosenfield, R. N., J. Bielefeldt, and S. M. Vos. 


478 


THE WILSON BULLETIN • Vol. 114, No. 4, December 2002 


1996. Skewed sex ratios in Cooper’s Hawk off¬ 
spring. Auk 113:957-960. 

Smallwood, P. D. and J. A. Smallwood. 1998. Sea¬ 
sonal shifts in the sex ratios of fledgling American 
Kestrels (Falco sparverius paulus ): the Early Bird 
Hypothesis. Evol. Ecol. 12:839-853. 

Svensson, E. and A. Nilsson. 1996. Male quality af¬ 
fects offspring sex ratio in Blue Tits. Proc. R. Soc. 
Lond. Ser. B 263:357-361. 

Tella, J. L., J. A. Donazar, J. J. Negro, and E Hir- 
aldo. 1996. Seasonal and interannual variations 


in the sex ratio of Lesser Kestrel broods. Ibis 138: 
342-345. 

Trivers, R. L. and D. E. Willard. 1973. Natural se¬ 
lection of parental ability to vary the sex ratio of 
offspring. Science 179:90-92. 

Weatherhead, P. J. and R. Montgomerie. 1995. Lo¬ 
cal resource competition and sex ratio in birds. J. 
Avian Biol. 26:168-171. 

Wiebe, K. L. and G. R. Bortolotti. 1992. Facultative 
sex ratio manipulation in American Kestrels. Be- 
hav. Ecol. Sociobiol. 30:379-386. 


